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Jitle of .inve ntion: Catalyst for olefin Polymerization" and Method of Polyolefin 

-^.V'lli Production with the Use of Said Catalyst 

fOb 3 ectiveJ To propose a catalynt for obtaining polyolefins which are highly 
copolymerizable, and characterized by high activity, narrow molecular weight dis- 
persion *nd relatively broad compositional range, and a method of production of 
■polyolefins which have the foregoing properties by using the said catalyst 
(Design) T he invention concerns a catalyst which contains (A) a transition metal 
compound represented by Formula I: ." 

CpHL**L 2 L 3 (i) 

(in which M may be Ti, Zr or Hf, Cp is a cyclic C 5 . 30 compound which has a cycld 
pentadienyl framework, and L 1 and are Sligapds), (B) an aluminoxy compound 

and (C) a phenolic compound; the invention alao concerns, a method of obtaining 
polyolefins by homopolymerization of a given olefin or eopolymerieation of olefin 
with some other olefin or a different polymerizable unsaturated compound with the 
use of the said catalyst. 
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1. Catalyst for olefin polymerizati n, consisting of 

(A) Transition metal c mpound represented by the formula 

CpML 3 L 2 L 3 

(in -which M nay be; titanium, xirconium or hafnium; Cp is a C 5 _ 30 cyclic compound 
having a cyclopentadienyl framework with or without substitution; and L 1 , . L 2.and 1,3 
are 6 liganda; they may or may not be all the same, but they should not bind with 
Cp to form a ring); 

(B) Aluminoxy compound; and 
(O Phenolic compound. 

2 . catalyst according to claim 1 in which Component S may be a chain and/or ring type 

' aluminoxana . 

3. -Catalyst according to Claim 1 in which Component C is a phenolic compound who., 
aromatic ring contains an OH group and Cl . 20 hydrocarbon at the * and/or <v position. 
4- A ^nethodcil of preparation of olefinic polyraerby homopolymerization of olefin 
or copolymerization of olefin with' eome other olefin and/or some other polymerizable 
unsaturated compound . 

5 . Method according to Claim 4 in which the olef inic polymer is a copolymer of 
ethylene and ^-olefin . 

6. Method according to Claim 4 in which rha olefinic polymer ia polypropylene. 
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: Detailed Description of the Invention 
(industrial Utility] This invention concede a catalyst for olefin polymeriza- 
tion and. a method of preparation of polyolefins using the .aid catalyst. More 
specifically, the invention concerns a catalyst for the production of polyolefins 
characterized by excellent properties which include good copolymerizability.hign 
activity per atom of -aluminum and per transition metal,- narrow polydispereity and 
relatively broad compositional distribution. The invention also concerns anreffi^ 
cient method of production of polyolefins, especially copolymers of ethylene and <* 
olefins and also polypropylenes . with the use of the said catalyst, 
[conventional Technology] Recently there has been a growing interest in agents 
consisting of metallocenes of transition metals and aluminoxane (Japanese Patent 
Disclosure S58-7 9309, afi catalysts for olefin polymerization. The catalyst of thar 
patent disclosure exhibits very high polymerization activity and relatively good 
copolymarizability. but had rhe drawbacks that a large, amount: of el^inoxane was 
needed and that copolymerizability was still somewhat inadequate . We therefore pro- 
posed, in an earlier document (Japanese Patent Disclosure H6-75691 ) , the use of 
a - catalyst containing a specific transition metal compound and aluminoxy compound 
xn a prescribed molar ratio. That catalyst exhibited high activity relative to the 
aluminum content and excellent copolymerizability . but activity per unit transi- 
tion metal was etill inadequate. Moreover, the ethylene- ^olefin copolymer obtained 
with the -us. of catalyet consisting of metallocene of transitional metal and alumin- 
oxane had a narrow molecular weight distribution hut . narrow compositional dis- 
tribution. The .effect of . these properties was that the. polymer film improved in its 
heat- S ealability and impact strength but resistance to tear was poor. 

In an effort to overcome these drawbacks., v, proposed (j-p-n-se Pats— ----- 
closure H6-172643) a specific ethylene polymer characterized byTarr^w polyd^splrs- 
ity and relatively broad compositional distribution. Meanwhile a catalyst con- 
sisting of quaternary transition metal compound containing a cyclopentadienyl ring 
(actually a compound in which cyclopentadienyl ring and <f ligend comiine to form 
a ring; a so-called constrained geometric catalyst** and aluminoxane (international 
Patent Disclosure .93-13140). Polyolefins obtained, with the use of this catalyst was 
again characterized by narrow compositional distribution. 

iProblem which This Invention .Seeks to Solvet The abjective of the present in- 
vention is to present a catalyst which would provide a pclyolefin characterized 
by .good copolymerizebility, high activity relative to .both aluminum and transition 
metal, narrow polydieperaion and relatively wide compositional distribution. The 
invention also concernsa method by which polyolefins, especially ethylene/c^olef in 
copolymer and polypropylene, are efficiently obtained with the use of the said 
catalyst. 
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lb r=t! ? " int *" iV - « our ' 

coma be o^ea 2 " b "" a «.~b.t*.n 

anextion utal. compound represented by Formula I: 
GDML 7 L 2 1. 3 ., (J) 
(in which M may be Ti Zr or Bf cd • 

-~-nyl framework ^ . 

ex-e d I igands whichcoordinete with „ by .dvbonding. Examples: of these ligaJvSs w 
» ; OR'. SR., S0 3R .. PR . R% N02> haiogen/ ^ 

k !" C1 " 2 ° hydrOCarb ° nS ~ ^carbon.containing silyls , At least one * 

should be atomic halogeh, CR' , NR-p- -or PR-R". It is even .ore preferable that all 
of the f l ig a,ds should be -halogen, since .his. result- in aatbility o, stores 
L L and L .nay be all the seme or different, but they must not combine with Cp ■ 
to form a ring. If this happens, the compositional distribution, of the polyp le fin 
is narrowed and our stated objective will not be attained. 

The cyclic c 5 _ 30 group which has a substituted or unsubstituted cyclopenta- 
dxenyl. structure which coordinates with M by X bonding through a ^type union is a 
single entity. The. substituents in the substituted oyclopentadienyl framevot* 
may bond with each other to form- a new cyclic" structure . Groups which have the 
indenyi, substituted iad enyl, liuorenyl or substituted fluorenyl framework ar. 
included. As for R* end R",.the Cl _ 20 hydrocarbon, may be alkyl., cycloalkyl, ary! 
or aralkyl. Examples of. alxyl. are methyl, .thyl , n-propyl; i80p ropyl. , 
isobityl sec-butyl, or t-butyl . pentvl. hexyi, octyl . decyl.or dodecyl; examples 
ox ctcloalkyls are cyclop.ntyl end cyclohexyl , temples of eryis ere phenyl and 
tolyl; and examples of eralxyls are benzyl and phenetyl . Example, of hydrocarbon- 
containing silyls are trimethylsilyl and triphenylsilyl . Examples of OR- are alxoxys 
-uch as methoxy. ethoxy. n-propoxy, iaopropoxy, n-butoxy, i.obutoxy. aec-butoxy. 
t-butoxy. pentoxy. hexoxy. octoxy and cyclohexoxy; and eryloxy. euch as phenoxy. 
Examples of SR- ere methylthio,- ethylthio, cyclohexyl thio and phenylthio. Examples 
of So 3 R. ar. elxyleulfonyl. such as «ethenesul*onyl . ethanesulfonyl , „-propane- 
271^ i80 h P 7 ah " UlfO ^' -butanesulfonyl, aec-buta„esulfony 2 , t-butanesul- 
fonyl end xsobutanesu.lf onyl ; end Arylsulfonyl P uch as b«zenesulf onyl . Examples 
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of TO'*- «r„ dl^tty-jM!,., diethyl^,,, di (h-propyl > .«!„„ dli 

dioctyw.. « piMoylaltiM . aibM „ ylMin0j ^Z^ , ' 

■n-b^-.p^p^. dxi.oWtylpho.pMde, di ,»c-b» tyl , pka . phi Z 'f^,'*" 

^ "MethyLUylpicpu,,.. ra . ...^ ^ be F, cl , Br or I ' 

. The a-^.ition Betel compound repreeeeted by pi™,. 

~di::^ 

K dim^! , strict -butyl). methylcyclop^tadienyltitanium trimethyl- i 2 

/5 dimethyl eyclopentadienyl titanium tfimethvl i 7 <i . • w , y ' 1,2 

rel^opropyl; p. ntMMthyl ! r ««»«■> 

^ ph.noxide. methyl^opentedienyltlteni™ trimethoxide, .^n-cw.^. , 

<^l^ a «'**«»*>«»«'*-«»«- W l««-t- t^phenoxide, bia- 
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iaa i t-butyl, methyl )]cyclopent«dienyl titanium tri-fWi- 
cyclopentodienyltitanium trt—M, triethoxide; tetramethyl^ 

ethoxide; tetrL^ , ^ ^^^lopantadiany* titanium tri- 

' Cetran,9tl »ylcycIopantadienyl titanium trifn , 
pentadienyltitanium triiaoproooxid., V ? *• tram.thylcyelo- 

*utoxide>; tatramathl' rr ' trUn- 

wTa-amathylcyclopantadienyl-titanium triieobutoxida- «.». , 

. Itanium triCn~prx,poxid e >. r. * X totoMatt >* >*™*yUeyclopantadienyl-= 

tltmu. trl.thoxid.. f, . . . 1MQv!, "* th > ,1 'P>>«>yl!cycl,,p.,,t«dieny.l- 
nlu™ „i«JL p^LlT f iPh.n=xid... P~t™, aiylcyclop „ trfiewltltji . 
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oxide) ; pentemethylcyclopentadienyltitaniua triCt-butoxide) ; p-ntamethyicyclopenta- 
dienyltitanium tri.(eyelohexoxide) ; pentu^thylcyclopentadienyltitani™ triphenoxide , 
eyclopentadienyltitanium triphenoxidi ; cvclopentadienyl titanium tribenavl; indent 
titanium tr^thoxide ? . ^thoxide.fl^rtltanium" irimethyl ; « «- ^ • 

r ^nyl titanium tribenzyl , eyclopentadienyltitanium xri (me thanes ulfonylj.. tri^eih yl . 
cyciepentaduaayltit^iuxn (tribenzenesulfonyl) ; tetran.ethylcyclopentodienyititaftium . 
tri(ethanesulfonyl>; pentamethyleyelopentadienyl titanium tridnethaneaulfonyl ) ; 
eyclopentadienyltitanium toiaXdim^l amide) ; trimethylcyelopentadienyl titanium tris- 
(dimethylamide); pentamethylcyclopen^dienyl titanium t^isCdibenzylemide); penta- 
methyleyelopentadienyl titanium trie (dimethyl and de ) ; pentamethyleyelopentadienyl- ' 
titanium tria (diethylamide) ; eyclopentadienyltitanium. tri(nitro) ; or pentamathyl- 
cyclopentadienyltitanium tri(nitro) . The above compounds in which the metal is 
zirconium or- hafnium instead .of titanium may also be used. 

Other examples are cyelopentadienyl titanium dimethyl monochloride; cyelopenta- 
dienyl titanium monoethyl dichloridej jcyelopentadienyl titanium di(n-propyl) nobo- 
chloride; cyelopentadienyl titanium d^isopropyl monochloride; . cyelopentadienyl tita- 
nium di(n r butyl) monochloride; cyelopentadienyl titanium diisobutyl monochloride; 
eyclopentadienyltitanium diCs-butyl) monochloride; cyelopentadienyl titanium di- ' ' 
(t-butyl) monochloride; 1 .2-dimethylcyclopentadienyltitanium dimethyl monochloride: 
1,2, 4-trimetAylcyclopentadienyltit^um dimethyl monochloride ; 1.2,3, 4-tetramethyl- 
cyclopentadienylti-tanium dimethyl monochloride; pentamethylcvclop.ntedienyltitanium 
dimethyl monochloride; eyclopentadienyltitanium monochl oro-dim e thoxide ; eyclopenta- 
dienyltitanium dichloro-dimethoxide; eyclopentadienyltitanium diehloro-monomethoxide; 
cyclopentadienylditanium dichloromonoethoxide; eyclopentadienyltitanium monoehloro- 
(h-propoxide) ; eyclopentadienyltitanium oonoehloro-diisopropoxide; cyclopentadi- 
enyltitanium monoehloro-diphenoxide;. dimethylcyelopentadienyl titanium monochloro-di- 
methoxide; diethyl cyelopentadienyl titanium monochloro-diethoxide; dimethylcyelo- 
pentadienyl titanium monochloro-di (n-propoxide) ; dimethylcyelopentadienyl titanium 
monochloro-diisopropoxide; dimethylcyelopentadienyl titanium monoehloro-diphenoxide ; 
di (t-butyl ) eyclopentadienyltitanium monoehlorp-dimethoxide ; bis ( trimethyosilyl ) eyclo- 
pentadienyltitanium monochioro-dimethoxide; trimethyl cyelopentadienyl titanium 
monochlorc-dimethoxide; trimethyl cyelopentadienyl titanium monoehloro-diphenoxide; 
triethyleyclopencadieny l titanium monochloro-dimethoxide ; Ibis (dimethyls ilyl) .methyl ]- 
eyclopentadienyltitanium monochloro-dimethoxide-, tetramethylcyclopentadi.nyltitanium 
monoehloro-dimethoxide; tetramethylcyclopentadienyl titanium monochloro-di ( n-but- 
oxide); tetramethylcyclopentadienyl titanium monoehloro-diiaobutoxide; tetramethyl- 
eycl pentadienyltitanium monochloro-di (s-butoxide) ; totramethyl eyclopentadienyl- 
titanium- monochloro-di ( t-butoxide) ; tetramethyl . 4-methoxyphenyl ) cyelopentadienyl- 
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-.-^t^, P.nt„. ttyl e y « 1 op.„ todi „, yltlM „ lu , n .^.J^. 

«iorri "^"""^ cyelcp.^^^^^ TOno . 

«*i--««^ w _ ld .„ p« iM » a , yl c y=1 op.„ t . ii . liyltot L y n a p ; nt " 

p^ tt l yley ° l0P " , " ii " ymtonlOT "^W-*—^ pbesphidtt) - 

J..2.3- tti ». thy l '-«.«r 1 U, y dr.U.d.n y mt« 1 u»triohl»rid. i [, 2 3 

It -^----^ — xx^ oP . n J.^'L : ; 

trixodide. m plaee of titanic, zirconium or -hafnium may 
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be used in these compounds . In the catalyst of this invention, Component A (tran- 
sition metal compound) may be «• single species or may be a combination of 2 or 



max* . 



Component B of this invention, the aluminoxy compound, is represented by 
Formula II: 

\ / 

A 1-04-A A 1 ... CII) 

• i R'', . \*. 

(in the above formula. R 1 represents C^ 20 , preferably C, 12 >, alkyl. alkenyl . 
aryl or eryl-alkyl vhich may or may not be the same (e.g.. there may be multiple 
hydrolysates of alkylaluminumH * ■ ±- the level of polymerization and is usually 
2-50, preferebly 3-40); or it may be a substance represented by Formula Hi: 



-e-A r-o -H— , - ~ - "(I id 



.R 



in Formula III, R 1 has been , defined earlier; and p is the level of poly- 
merization which is usually 3-i>0, preferably 7-40. The aluminoxane may be prepared 
by bringing together alkyl aluminum with a condensing agent auch as water. There is 
no rigid specification as to procedure; any established method may be used. The fol- 
lowing are examples: (l ) organoaluminum compound is dissolved in organic solvent 
and brought into contact with water; (2) organ o aluminum compound is added at the 
time of polymerisation, with subsequent addition of water; (3) .water of crystal- 
lization or water adsorbed to inorganic or organic substance is allowed to react 
with organoaluminum compound; and (4) triaikyldialuminoxane is allowed to react 
with trialkylaluminura and then with water. The aluminoxane may be insoluble in 
toluene . 

The aluminoxanee may be categorized as follows: 
Ca) Alkyi aluminoxane prepared from a single alkylaluminum (organoaluminum, such as 
methyl-, ethyl-, n-propyl-, isopropyl-, n-butyl-, isobutyl-. s-butyl and t-butyl- 
aluminoxanes . V 

(b) Alkylaluminoxane mixture prepared from two or more alkylaluminoxanes made as 
indicated in (a) and a mixture of prescribed proportionality is made, 
(e) Alkylaluminoxane eopolymerobtained by mixing in prescribed proportion two or 
more alkylaluminum (organoaluminum) compounds m4de according to any of methods 1-4; 
Examples are methyl -ethyl aluminoxane, methyl-n-propylaluminoxane, methyl-isopropyl- 
aluminoxaae, methyl- n-butyl aluminoxane, mettyl-isobutylaluminoxane; e thy 1 -n-propyl - 
alutninoxaneethyl-ieopropylaluminoxane and ethyl-n-butylaluminoxane . The aluminoxanee 
may be used singly r in mixture.. Alkylaluminoxanes are especially suitable The 
aluminoxane obtained in this manner may retain some of the starting alkylaluminum 
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aa an impurity, but this, ia permiaaible. 

component c or phenolic compound ia used in the "calmly, t of • ur invention 
for the purpoae of further increasing the. catalytic .activity and copolymer! sabi- 
lity. The phenolic compound y typically ia a .ubstance in which the hydrogen attached 
to an aromatic ring auch as a benzene ring or naphthalene ring has been subeti- 
tuted by at least one OH or OH plua at leaet one aubatituent other than OH. Ex- 
ampiea of aubstituenf other than OH are R*. OR*,. SR*. Nr2 R 3, nalogen or nltro 
R and R 3 are C,_ 20 hydrocarbona , repreaented by alkyl . cycloalkyl. aryl and aral- 
kyl. Exampiea of alkyl are methyl, ethyl, h -propyl , iaopropyl. n-butyl , pentyl, 
hexyl, octyl. decyl end dodecyl . cycloalkyla includecyclopentyl and eyclohexyl; aryl, 
include phenyla and tolyla; and are* ley Is. include benzyle and phenetyla . Specific 
exampiea of OR 2 ^ methoxy, *thoxy , n-propoxy, iaopropoxy, n-butoxy. iaobutpxy, 
aec-butoxy, t-butoxy, pentoxy, hexoxy, octoxy:.and cyclohexoxy, ^a vell aa aryloxya 
including phenoxy. Specific exampiea of m 2 * 3 *re dimethyl amino, diethylemino . di- 
Cn-propyDemino. diiaopropyl amino, di ( n-butyl ) amino, diisobutyl amino, di(aec-butyl)- 
amino, di(t-butyl) amino, dipentyl amino, dihaxy 1 amino, dioctyl amino, diphenyl amino, 
and dibenzylamino. The halogen may be chiorine. bromine, iodine or. fruorine. 

Cbmponent C ehould preferably be a .phenolic compound with, aubstitution by 
C!-20 hydrocarbon, especially one in which the poaition of the OH has been 

replaced by ^.^hydrocarbon . Specific examples are phenol, 2-raethylphenol , 2- . 
ethylphenol, 2-n-propyl P henoi; 2-iaopropylphenbl . 2-n-butylphenol . 2-aec-butylphenol. 
2-t-butylphenol, 3-t-butylphenol . 4-t-butylphenol , '4-t-octylphenol . 2-n-dodecyl-' 
phenol. 2-phenylphenol, 4-phenyl phenol , 2,6-dimethylphenol , 2 . 6-diethylphenol , 2.6- 
di- t-butylphenol. 2,4-di-t-butyIphenol , 2-t-butyl-4-methylphenol , 2 r t-butyl-5- 
methylphenol, 2-t-butyl-6-methylphenol . 2-n-dodecyl 4-methyl phenol , 4-n-dodecyl-2- 
nethylphenbl.. 2 ,6-diphenyiphenoi , 2.S-di-t.butyi-4-methyiphenol , 2 ,6-di-t-butyl- 
4-ethylphenol, 2 ,4. 6-tri t-butylphenol . 2.2--methylenebi 6 (4-methyl-6-t-butylphenol), 
2.2'-methylenebi S (4-ethyl-6-t-butylphenol, l 4.4 1 -aethylenebie(2 I 6-di i t-butylphenol) .. 
4.4--butylidenebia(6-t-butyl-m-creaolJ, 4.4'-thiobia(6-t-butyl-m-cr*aol ) . -C-naphthol, 
Anaphthol, 2-fluorophenpl, 3-f luorophenol . 4-f luorophenol., 2 , 4-dif luorophenol , 
. 2. 5-dif luorophenol. 2, 6-dif luorophenol. 2-methoxypheool . 3-m.thoxyphenol , 4-nethoxy- 
phenol. 2,6-dl-t-butyl-4-methoxyphenol. N.N-dim.thyl-3-aminoph.nol, N,K-diethyl-3- 
aminophenol, N,N-di-„-butyl-3-aaino P h a nol , 2,6-di^t-butyl-4-dimethylaminophenol , 2- 
nitrophenol, 3-nitrophenol . ^nitrophenol . 2-nitro-4-methylphenol , 3-nitro-«-m«thyl- 
phenol. 4-nitro-3-methylphenol» S-nitro-2-m.thylphenol , catechol, reaorcinol, hydro-' 
quinone. 3-methyl catechol , 4-methyl catechol, 4-t-butylcatechol . 2-methylrea rcinol. 
5-methylreaorcinol, mathylhydroquinone, t-butylhydroquinone , 2, 5-di-t>butylhydro- 
quinone, 1 .2-dihydroxynaphthalen;., 1 . 4-dihydroxynaphthalene , 1 . 5-dihydroxynaphthal- 
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n«. l^dihydr«cy„ aphthalenjs> 1 . 7-dihydro*ynaphthalene 2 » *•» * 
^-dinydroxynaphthalene, pyregallol) fl J^J^^/^^ 
hexehydroxybenzene, 4.4.-*hi*i.ca..^t^ 1 J^ ' 

Bition metal ,™ J . lexpreesed as atomic aluminum) /mo la of tran- 

nt , „roHTi°?T nrat c iphenoue - - 

« ■><> >W« regarding th. « wnc . of mtMct of _ / ° 

ing optica activity . „ a ,- iK k v th. ■ ooBpwwnt. . but f« .ehle, 

M be .da.*. „ B J*' " " d ' bra " ht "*« h " — «. * .hould 

•a., or B and A ahould be ^ followed by oontact of j. 

other ingredients „ y b . „ dded Wl . " 

the etat.a obi.crl,,. », i * »lth 

magnesium chloride, inorganic alkoxide «uch as diethc^m _ • 
■%S Polymer auch aa polyaty^ne . diethoxy„, agtiesxuB or a 

In the method of ths« ^.^ 
x.tio„. of olefin with """" —PPoiyn.arization of olefin or copoly Mri _ 

Pre8enc - of the catalyst prepared aa ascribed ahw9 Theril , „ 

pxeferenee aa to the ki»,d „^ ' i « 18 n ° ■^• eia:i • 

T=ae 1611,(1 oLefin; exaoplas include «.ni«f^„ 
Propylene , M ^-°i«fina each as ethylene, 

iziz:Z7e\r^' h ~- h8ptsn - 1 -' ° ct - ne - 1 ' — ' * 

buteneT, 3 ItnJlh ' ^ethylbutene-, , ^ethylpent.,,.-, , 3. methyl . 

cene-l, 3-methylh.xane-l. 4-n.ethylhexene-l, 5-m.thylhexene i 3 
-1. 3,4-din,ethyl P entan« 1 * * *< v . "• cnylnesten -1 » 3 , 3-dunethylpentene 

*»«wiyipentene-1 , 4,4-dimethylpentene-1 . 3 S s . . , , 

cyclohexane; M d halo-aubsti^ed ^« I 3 ^,5-trin«thyl h «ce„e-1 and v lnyl . 

•thylw. 2 flu _ ^olefin, auch, aa h«caf luoropropene. tetrafluoro- 

y M6 ' ^"^"Propene, fluoro.thylene, 1 ,1-difluoroBthyl. ne i_^ u 
trifluoroethylen. and 3.4-dichlorobuten.-i ^ther ol T ^-«P«P-n-. 
be selected f^n. *k * . olefin8 eopolymerization may 
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Exiles of polymeri ? able saturated compounds for eopol yra eri 8 ation with 
— CVCUC di0lefinB ' «*ain conjugated diolefins, chain unconjugated di- 
olefins, aromatic vinyl confounds, unsaturated esters, lactones, lactams and ep- 
oxides Specific exiles of cyclic olefins are cyclopentene. cyclohexene, norbor- 
■ nene. 5-methylnorbOrnone. 5-ethyinorbornone, 5-propylnorbomene, 5 , 6-dimethylnor- 
bomene, 1-n.ethylnorbomene. 7- m ethylnorbornone, 3,5, 8-t^imethylnorbornene , 5- 
phenylnorbomen* and 5-b.nz y lnorbornene . Examples of cyclic" diolefins are 5-eth y ii d - 
enenorbornene, 5-vinylnorbornene. dicyclopentadiene and norbomadiene • 

Specific example,, of chain conjugated diolefins are T . 3-butadiene .and isopren 
Those of chain unconjugated diolefins are .1 ,4-hexadiene, 4-nethyl-, .4-hexadiene 5- 
methyl-T.^hexadiene. and -S^yl-, ,- 4 - h eptadiene which are . 1 , 4-di.nes ; 1,5-hexe- 
T71' ^ Bthyl - 1 ' 5 - h - adi -' 3-e t hyl-U5-hexadiene. 3 Methyl-, , 5-hexadien. . 
I.S-heptad.ene, 5 - met h y l-, . 5-heptadiene . 6-meth y i-, ,5-heptediene, , . 5-oetadien. . 5- 
-thyl, 5- 9 ctad ie ne an, 6 - me thyl-1 , 5-octadi.n. which are 1 ,5-diene 8; , ,6-octadiene, 
6-n.ethyl-,,6-octediene, 7-methyl-l .6-octadiene. 7-ethyl-l , 6-octadiene., ,,6-nona- 
daene, 7-methyl-7.6-nonadi.ne and 4-methyl-i ,6-nonadiene which are 1,6-di.nee- 

diln^^T' 3 - methyi - , ' ? -° C tadieM - 3-ethyl- 1>7 -oc t adiene. 3 .4-dimethyl-, , 7 -octa- 
diene , 3 ,5-^etnyl-T ,-7-octadiene. 1 , 7-nonadiene and 8-methyl-, ,7-nonadiene which 
are 1 . 7-dienes ; 1 .11 -dodecadiene ; and 1 , 1 3- tetradecadiene . 

Examples of aromatic vinyl compound, begin with styrene and ^-methyl styrene 
and continue with alKyl- or aryletyrenes such "as p-methylstvrene. m-methyl styrene, 
o-methylatyrene. p-t-butyl.tyrene and p-phenylatyrene; alxoxyetyrenes such a8 P - 
-thpxyatvren.. m-methoxyetyrene, p.etho*y atyrene. p-n-propoxystyrene and p-n-butoxy- 
Btyrene; halogenated styrenes auch as p-chlorostyrene. p-bromostyrene and p-iodo- 
styrene; alxyL or aryl-c^^ Bilylstyrenes such „ ^i^ylsilylstyrene, 

trimethylBilylstyrene, c^trimethyleilylstvrene . n-d 
P-methylo-ipHeny^ii,;^^ ^ p-triphenylsilyl styrene; halogenated silylstyrenee 
»u=h as P-dimethylchlorosilylstyrene. P-methyldichloro.il y l 8 tyrene and p-trichloro- 
Bilyletyrene; elxenylatyrenee such a. p-C2-propenyl> atyrene, m-C2- P ropenyl, styrene. 
o-C3-b«tenyl)etyrehe and P-(3-butenyl ) Ethyls tyr.ne; vi„yi phe nyls.:*uch- 5 — 

4-vi„ ylphenyl( 3-vinylbiphe„yl end ^yinylbiphenyl ; vi„yi phenylnaphthal(Miei: auch 
« 1-(4.vi„ylp h enyl,naphthalene. 2- (3-vinylphenyl Naphthalene; vinylphenyl anthra- 
cenes auch as 1-(4-vinylphenyl,anthracene and 2-<4-vi ny i ph „ nyl )anthracene; vinyl . 
Phenyl phenanthren., such as t-(4-v i „ y i pheny i )plMmanthr . n(> and 2 _ (4 _ vinylphenyl 
Phenanthrene; and vi„y lpheiiyl Pyrcnes such as 1-C4-vin y iphen y l> Pyre ne and 2- (4- 
vinylphenyl.)pyrBhe . 

—JTJ" " « «■»*• «t*i ..tW,!.^ 
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examples of lactams are E-caprolectan, M d r.valerolactam.- M d examples of ppxides 
are epoxipropane and 1 , 2-epoxybutene . The unsaturated compounds may be used singly 
or m combination, perhaps with other ofolefins named earlier . ■ 

There is no rigid specification regarding the procedure of polymerization - 
slurry-, high-temperature solution-, vapor phase- or bulk polymerization may be ' 
used. When solvent is used, it may be an inert -substance .such as c 5 1e aliphatic 
or alxcycUc hydrocarbon or C6 _ 2 0 aromatic hydrocarbon. Specific examples are n- 
pentane, isbpentane. hexane, heptane, octane., nonane. *.cane. tetradecane. eyclo- 
hexane, benzene, toluene, xylene, and ethylb.nzene . These may be used singly or in 
combination. There ie no specification regarding the polymerization temperature, 
but it is usually 0-350+C, preferably 20-250^. Neither is there any specification 
regarding the polymerization pressure, but it is usually 0-150 kg/cm 2 G, preferably 
0-100 kg/cm S . The duration of. polymerization is usually from 5 minutes to 10 hours 
The molecular- weight may be adjusted by the kind and amount of catalytic components 
temperature, and the presence of hydrogen. The polyolefin obtained under these con- 
ditions have a. narrow polydistereity and relatively broad compositional distribu. 
tion, which are characteristics not ordinarily seen in polymers. The method of 
our invention is especially suited '.for the preparation of copolymers of ethylene 
and -olefins and poly'propylenes. 

[Examples] The invention is now described in further details by the use of 
examples. The scope of the invention is not limited to these examples. 
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Japaneae Patent Disclosure H8-231622 (Examples only) 

• . Tabl« 1.. 





"* . O'nj i„mxl 


1 &II 1 Wit - 

Omni) 


zatdai 
activity 
Ckc/fTO 


f m 1 
V«1/ 41/ 


Efensity 




fbenol . 


0.2 


2 3 4 




0.908 


" 2 . 
3 


0.1 


14 0 


5. 8' 


0 t 007 




OA 


I 4 8 


5. 2 


0.912 


" 4 . 


« 


0.5 


. 1 < < 


6. 2 


0. 900 


Qaitroi 1 
2 


ii 


0.03 


4 S 


S. 0 


0.915 






9 


S. 6 


0.916 


t>Buraml 


0.3 


0 







* Example- 1 * \ 

- . J-"t« polymsrizer provided with , .tirrlng , device w„ pu ~ed with 

dry „ ltro3 e„; rtttt ^ ,„ ml;?f ^ „ of ,-oete„. bedded 

, <<jaloTO d cv the addition o f 0. 2 ™o! W,.^^, ^ 

ponent c, ' ' " 0 °*. -thyl Cde by ubmal Co teacpomM B . 

L r ZL "dT * nd . , -°'— 1 - P-n^th^evclopentedW titanii 

.nd ethylene g „ VM lid in .. M ^ ntoillrf , t 8 ^2 „ d polylneri2 .... 

'~"7 " eo ' c p.i^.t^. pcmmrm 

7" ^ »" «~— int. .„ rf,... of ^u,^.^ to de _ 

eerboni*.. The polyner we. filtered. „d dried for 4 hour, „„.,. to ..... .. . 

Of ethxI.n^.,-o=t.„.. Activity v« 234 „.p« , «. j Wti„, vi.^'^i ' 0 7 

.«*« -P.iyn.er in^in ... 5.2 41/, .t.,3s-c ri ^„ u „..„ , /ml . ' 

Examples 2-5 and Controls A, 23 

The pr=..d„„ of Ex^pi. ii. follov . a ' t „ VMyl . ' 

of Conpo„„t e - i.dlo.t^ t. T<lbaB , . TO . ^ m)um w 

Example 6 

The .procedure in Exanfel. , was • followed" accept for u«i ng 0.2 ^ol of 2.6-di- 
t-b U tyl-4- Mthylphenol ea Cedent C and conducting polymerisation for ,0 minutes 
2\2Zl° f ° thylene - , - OCtaBe was 1, .0 g . Tbe data Ke 8hewn 

Examples 7-17 and Controls 3 # 4J 

Aside from varying the type and amount of Component C. the procedure was 
the same as in Example 6. The . results are shown in Table 2. 
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DcEhple 6 
' Bxarple 7 

£>aiple 9 
Exaiple.ip 
©cample 13 - 

- * s 

Ocxitxol 3 


Cui| 1 *TTl3 

•2-t-butylFteDi 


(nrao) 


* £ 3 


r m 1 
19 J 

fj I /_\ 
. Wi/fJ 

'6.8 


Ce/al) 

O.8D0 ' 


.0.2 


2 4 3 


6.7 


0.889 


0.2 


4 4 


5 fi 


n o i j 
u. «M 1 




6 B 




0. 812 


0.2' 


4 ft 


4.8 


0.808 


" v- . ' ' - * -\ 


o".» 


- 78 


4-7 


0. 912 


■ -r ■ -* • " 


0,2 
0.2 


4 

• I 2 






* * * ' ■ 






5.3 


0. 817 j 



Example /1 2 - '* , ■ • . - 

^Pro^ in ^Ple l waa Allowed except that 390 ml of Ufled ftfl 

.olv„Und 2,e,di.t,bu^enoa (0.1 mmol, was component c. The -amount of ethylene-1-. 
octene copolymer was 10.6 g' ; The data a« • shown in Table. 3. " 
• Examples' 13-21' ' - ... . • A %. . 1 / , ' " * 

, The procedure in- Example i 2 was followed except for varying the type or Com- 
ponent A as indicated 'in" Table 3. The result* are shown in the table.' 



Table 3 



©enple 12 

Deaiple 13 

E>carple' 14 

Senple IS 

Efcanple 16 

E^arple 17 

EXaiple 18 
E>OTple is 

Bcwple 20 
Exaiple 21 



^tscmtiiyicyclcpentadi^ltixaniun trirothopdife 
Pmtzrothylcyclopmtadifi^^ tri(aecsbuccKlA) 
Pent^iutfylcyclcpm^ tri(cyclciwsQdB) • 

lTpUmm6iyl ,i>*utyl Jc^cFcntadla^titmiaiL triiiitfrwide 

« * 

ObtraiBttylcyclcpmtadiary^ trimsttodite 
WnEChylcyclcpmtadiBqyltitati^ t i ij i M t i » Tviry 
(r^aityl)cyclcpentadi^ltita^^ trinettodifc) 
Ftetrettylcyclap^ chlaro(diethy0aTiix2b) 

****tenBthylcyclc^^ dlc^otD(dipb^l«mdB) 
Pwtatetiylcye^^ 



Acfavxty. 
(ke/gTi) 


cS&2>" 


Dereity 
Cb/«1) 


22 1 


5.7 • 


. 0.902 


3 n 


5.5 


0.899 


3 0 6 


5.S 


0.001 


8 4 9 


• 5.1 


0.801 


8 8 


4.2 


. 0.908 


8 8 


8.0 


0.907 


S 2 


2.4 


0.915 


Z 9 1 


s.o 


0.897 


6 5 1 


6.0 


0.B01 


1 2 5 


5.2 


0.899. 
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. Example 22 

■ ZTZ' " " ^ T*"— ■* - f - 0 .05H J^en ^ 

added. The temperature was nf**** *~ . 

♦Kw-avure was raised to 150*C. As ComDonent c i o L ^ ^ * 

Kii4-»»i , \ component c, 1,2 mmols of 2,6-di-t- 

2TTZ aa c ~ ,t * ;o M c -*- i - - - 21e ; 

Hl/c!v TY ith 0thylCne ga£ - **** — - xylene w ae kept at 

.24 c M d.poly»eri.etio n waB conducted at 1S «-c fpr 5 , ^ ^ Wm 

V 11L ° t° btaln 26 ' 3 9 ^ - The l imiting 

•• 11 ^ 135,C 2 dl/9 " ^„ e a V gel per I 

meation chromatography (GPC) was only 2 ' -Hie te» «rf «, • 

79-C ,nd *-h ? P the peak obtained by DTA was 

'9 C, and the half- width was broad at 17 5-c Th. j * -» 

„ follows. : "" 5 C - ThB methodfl of decexaunationa were 

(1) Determination of moleeular weight distribution 
Apparatus: Haters ALC/GPC: 1S0C 
Column: TSK HM+gmh 6x2 
Flow: 1 .0 ral/min 
Solvent: 1 ,2,4-trichlorobensene 

. (2) BBtsnnlMtion of compositional di.iiibua.on 

r ■-, — ilt g a quantitative buss. Tiii K wm.«,„i«,j _ - 

fca t-h. 1 1 ^ wM-woiw. « a rate of lO'c per hour 

Example 23 

ton. v«. oid . d . e^., B. wa« 1 tO ml («p„. eea M att>n , ie M j „ f ..^.^^ 
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Example 24 . • 

The procedure „ aa the 8eunB „ in Exa __ , • . 

■"/S Md.^Mfti.y of g/lll 9/9 11 • "» «=»POl>™ e r. lad . t,J „f ,.34 

Example. 25 



Component- A was- Pentamethylcycloneni^ »ethylalu»ino Xafte ; and 

Were added in the" order ^T^t^tl*^^ ^ ^ 1S) '- ^ ' 

taon was conducted f or 30L ffli „ uteB at 70 - c At ^ * * * P^~i*a- 

-lieved at- once and meth^ _ .J. L" ** ^ "* e was 

- Poured iato an exce aa Z'J^^-.Z^^JT™ " ^ 
«lt«d end 6e parated, and dried undar «d^Tl ' tt " ~ 

tain 35.0 g of ethylene „ P*«.ur. at 80»c for 4 hours, to ob- 

g or ethylene-norbornene copolymer. Activity w « » k / ■ 

«P was observed, and the orodu**: w ' Activity .was 73 kg/g Ti . ^ DSC/ no 

™° 6 P^uet was non-crystalline 

Control 5 . 

f— ' » »•_.": 

A .dry, 1-1 iter polymer iter waa puroed with«9«. 
Wane and 40 ml of , . * fithdry argon, and 460 ml of dry n - 
u of 7-octene ware added Th. ^ 

1.2 mmol 8 of 2,6-di-t.b«tylphen Q > K T" t ^ ratB ™ w " ^ ,50-c. Next, 

t-nuryiphenor, S.O.mmols (Ktnr..ro^ ^ • 
aluminoxana and 5 umol- «^ r* ^. P ^ BSat5 M atomic Al) of methyl- 



at once 
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b y the addition of 1«? m i ^ ^ 

• wiath ... only 7'. 3 -e-. «»^t*c.».curv. „„ 80 . c »a tha h?1£ . 

Control 6 " ''"" - . • ... - " 

'Ccnpon.nt =). wa.. netted. L 1 0 I" ^-t-but*l phenol 

Example 26 7 M - < ^ 

^chloride, iadid inth . t .„ ^ ° £ f'-^a-ylcyclopent^i- 

.0-900 g/ml . • * Ti * ^ ^ w «* 4.6 dl/g an d density was 

Examples 27 i?i . 

?he procadxiane In Example 26 was f n n ^ . 
_jv . . ^ A c " was xol lowed * t - 



Able 4 



©caiple 26 



*.. .Component A* 
27 ' ^^^^lUt^ trichlarid,, 



8 8 0 


j tn) 

4. B 


tfenaity 
" "Cl/ml)r 

0. 9 0 0 


13 






a a 


1. 2 


0.117 


2 3 3 


' 4. 8 


1.11 B 


4 3 2 


3. 7 


0. 8 8 A 


i 


S. 7 


0. 9 0 2 
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Control 7 

The procedure in Example 26 van f«n^^ 

was raised to 70 « C «n d Drt3BV1 ^ trimethoxxde . The temperature 

»«tor.. a. proau „ m " >™ri«r into «„ of MthMO 

•o-e to ob to in , s . 7 , of ^.^toTL? r P "" B ™ *" 4 " 

* - «. M, <x10 n:^;;; rj?r • ^ rity - ' m b/ ° »■ * 

Example 33 ... 



The procedure Was-tbe aame as in c^^-.. „ . 



Control fl 



The procedure in Example -32 was followed e*« D i- * 
1 -7 g of non-crystalli*,, D olv»«, , ^tting Component c, and 

^^^^ ^ ^VP-PXlene w as obtained." Activity „ kg/g ^ ' 

A dry, -l-i icer . polymerirer provided wi . . . 

n^ogen. *n d 440 ml. of . ^ ^ 6Q * ~ ^ -ry 

(express a, atomic Al) or methyl alumi , ^ NoXt ' S '° 

Mietuyi. alunanoxane (made- h v 

-cromol ox dioyolopentadi.^^^ ^^Jl > - 0.5 

temperature was reie,d to BO-c, after which eth^L^s I 1* ^ «- 
total pressure was kept at « ka . 2, , •tnylene gas we. i, d in, ^ vhllo ^ 

• ^ " 4 *g/cm G, polymerisation was i „ 

« ao-c. Polymerisation Was halted by reli.vinc 1 ^ " *° minUtfeS 

the polymeria, Th e content ox the I T P " 8BUrB ^ nethanoi ^ 

« -ture. Po.i_ v^^^r^L^ — - - 
BP-C to obtain 59.3 o or ethylene ,-o T P ~ ratt ™ ^ 4 hou " " 

tensity was 0. 9l4 «^ . ^ y1 ^^' ^ was , .47 dl /g atid its 

Reference Bxampl* 2 

?he procedure in R^e«nce -Example 1 was tnli^ 



